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Abstract

We analyzed the anti-inflammatory and antinociceptive activities of total flavonoids (TF)
found in black mulberry fruits. The TF content was 20.9 mg/g (dry weight). Two anthocya-
nins, cyanidin-3-O-glucoside (8.3 mg/g) and cyanidin-3-O-rutinoside (2.9 mg/g), were iden-
tified in the fruits by UPLC. The TF of black mulberry fruits had significant reducing power
and radical (OH", O, , DPPH and ABTS) scavenging activities that was demonstrated in a
dose-response curve. The TF had inhibitory activities on xylene-induced ear edema and
carrageenan-induced paw edema in mice. In addition, TF had antinociceptive activities in
the two nociceptive phases of formalin test. We used ELISA to detect the pro-inflammatory
cytokines IL-1B, TNF-q, IFN-y, and NO in the serum of mice. These cytokines were signifi-
cantly inhibited or scavenged by TF (50 and 100 mg/kg). The results demonstrated that TF
of black mulberry possess anti-inflammatory and analgesic effects that might correlate to its
antioxidant activities and inhibition of pro-inflammatory cytokines.

Introduction

Black mulberry, M. nigra, is the Morus species with the highest chromosome number [1]. It
originated in Iran, but is grown throughout southern Europe, southwest Asia, the Mediterra-
nean countries, and South America [2,3]. This species is the only black mulberry cultivated in
China and is found mainly in the Aksu, Hotan, and Kashi districts in Xinjiang Uygur Autono-
mous Region. It is named Xiatutu in the Uygur region, which means medicinal mulberry.

Uighurs like eating meat, milk, and pop barbecue, but consume few vegetables. Therefore
they are especially prone to respiratory and digestive diseases. Medicine mulberry is an Uygur
folk medicine and is used to treat tonsillitis and sore throat [4]. Uighurs still retain the tradition
of making medicinal mulberry cream that can be used year round. Many studies have found
that black mulberry is rich in polyphenols, flavonoids, and anthocyanins. The contents of
anthocyanins in medicinal mulberry are significantly higher than those in other varieties of
mulberry such as red and white [4-6]. Black mulberry has antioxidant, anti-cancer, and hypo-
glycemic activities with non-toxic side effects [7,8].
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Inflammation is an immunological defense mechanism that the body uses to fight bacteria,
viruses, and other pathogens [9,10]. In these processes, a variety of chemical mediators are
released from damaged tissue including excitatory amino acids, hydrogen ions, peptides, lipids,
and cytokines. These underlie inflammation and pain [11]. Pro-inflammatory cytokines will
continue to damage tissue if they are not cleared from the body. Redness, warmth, swelling and
pain are the classic clinical features of inflammation [12]. Non-steroidal anti-inflammatory
drugs (NSAIDs) such as aspirin and steroidal anti-inflammatory drugs (SAIDs) such as dexa-
methasone have been widely used to combat inflammation, but also suffer significant side
effects for instance gastrointestinal disorders [9,13]. As an alternative, natural medicines are
getting increasing attention due to their mild action and lower side effects.

Ma (2002) reported that the fruits of the medicinal mulberry were used to treat pharyngitis
patients [14]. Another study proved that mulberry anthocyanins had good anti-inflammatory
effects [15]. Despite those traditional claims regarding the medicinal mulberry, the scientific
evidences supporting these pharmacological and phytochemical claims has not been clearly
demonstrated. The aim of this study is to investigate the anti-inflammatory and antinociceptive
activities of total flavonoids from the fruits of medicinal mulberry in animal models.

Materials and Methods

Mulberry fruits

The fruits of the black mulberry (M. nigra) were collected from the mulberry germplasm nurs-
ery in Hetian Sericultural Research Institute (N37°08'50.85" E79°54'26.99") of Xinjiang Uygur
Autonomous Region, China. The fruits were oven-dried at 60°C to a constant mass and then
pulverized. The powders were sieved to pass through a 60 mesh sieve and stored at -40°C until
used.

Animals

Kunming (KM) male mice weighing 18-22 g were purchased from Chongqing Medical Uni-
versity, China. The license number of experimental animals is SCXK (YU) 2012-0006. The
mice were maintained in our animal facilities under standard conditions (21+2°C, 12 h light/
dark cycle) with a pelleted mouse diet (HFK Bioscience, Beijing) and reverse osmosis water ad
libitum. All animal treatments were in strict accordance with international ethical guidelines
concerning the care and use of laboratory animals. The Animal Care Committee of Southwest
University approved this study.

Chemicals and reagents

Aspirin (Asp) was purchased from Yabao (Shanxi, China) and dexamethasone (Dex) was
obtained from Xianju Pharma (Zhejiang, China). Anthocyanin standard cyanidin-3-O-gluco-
side (C3G), cyanidin-3-O-rutinoside (C3R) and lipopolysaccharide (LPS) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Flavonoid standard quercetin-3-O-rutinlside
(rutin) was obtained from the National Institutes for Food and Drug Control (Beijing, China).
Acetonitrile (ACN) and methanol (MeOH) for UPLC analysis were purchased from Thermo
Fisher Scientific (Waltham, MA, USA). Other analytical grade chemicals were obtained from
the Chengdu Kelong Chemical Reagent Factory (Sichuan, China). High performance liquid
chromatography (HPLC) grade water was from a Milli-Q System (Millipore, Billerica, MA,
USA) and 0.22 pm Millipore membranes were purchased from Sangon Biotech (Shanghai,
China).
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The enzyme-linked immunosorbent assay (ELISA) kits used to determine mouse interleukin
1B (IL-1B), tumor necrosis factor o. (TNF-a,), interferon y (IFN-y) and nitric oxide (NO) were
purchased from CUSABIO (Wuhan, China). The nitric oxide test kit in cell culture was pur-
chased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Fetal bovine serum
(FBS), Dulbecco’s modified eagle medium (DMEM), antibiotics (streptomycin/penicillin), and
trypsin were purchased from Gibco (Grand Island, NY, USA). The 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) and Griess reagent were purchased from Beyo-
time (Shanghai, China).

Extraction of total flavonoids

The fruit powder (100 g) was extracted with petroleum ether (1,000 mL, boiling range from
30-60°C) using a Soxhlet apparatus at 70°C for 6 h. The skim powder was dried in a vacuum
desiccator for 24 h to remove the petroleum ether. This was followed by an ultrasonic extrac-
tion with 38% (v:v) ethanol for 15 min at 60°C [16]. The liquid was separated from the solid
matrix by centrifugation (4000 g) at 4°C for 15 min. The supernatant was collected, and the
solid matrix was re-extracted once. The resulting supernatant was combined and concentrated
to a final volume of 200 mL in a rotary evaporator. The extraction of total flavonoids, referred
to as TF, was stored at -20°C until further use.

Concentration determination of total flavonoids (TF)

TF concentration was measured using the method reported by Chen et al. [16]. Briefly, 0.6 mL
of TF, 4.4 mL of 60% (v/v) ethanol solution, and 0.3 mL of 5% (w/v) NaNO, solution were
mixed in a 10 mL volumetric flask. After 6 min of shaking, 0.3 ml of 10% (w/v) Al(NO3); solu-
tion was added and shaken for another 6 min. 4 mL of 4% (w/v) NaOH solution was then
added and 60% (v/v) ethanol solution was added to a final volume of 10 ml. The absorption at
510 nm was measured using a Techcomp UV1000 spectrophotometer (Shanghai, China). A
standard curve was generated in parallel with a rutin standard. TF concentration was calculated
as mg/mL of rutin equivalents.

Quantification of anthocyanins and rutin by UPLC

Standards of C3G, C3R and rutin were accurately weighed and dissolved in ACN/H,O/HCL
(1:7:2, v:v:iv; HCL, 0.1 mol/L), ACN/HCL (2:98, v:v; HCL, 0.01 mol/L), and H;PO,/MeOH
(1:999, v:v), respectively. Standard solutions were diluted to the appropriate concentrations
and ranged from 1.56 to 25 pg/mL for C3G and C3R, and 6.25 to 100 pg/mL for rutin. The
chromatographic separation was carried out on a Waters Acquity UPLC I-Class system includ-
ing a TUV detector, a sample manager-FTN, and an Acquity UPLC BEH C18 column
(2.1x100 mm, 1.7 um, Waters, Milford, MA).

We used a binary mobile phase as the rutin solvent. Solution A was MeOH and solution B
was Milli-Q water containing 0.1% (v:v) H;PO,. The linear elution gradient was as follows:
0-2.73 min, 30% A, curve 1; 2.73-9.4 min, 30-40% A, curve 6; 9.4-11.4 min, 40-50% A, curve
6; and 11.4-15 min, 50-30% A, curve 1. These were all at a flow rate of 0.21 mL/min. The col-
umn temperature was kept at 30°C. The injection volume was 4 pL, and the detection wave-
length was 358 nm. To measure anthocyanins, a binary mobile phase was also used. Here,
solution A was ACN and solution B was Milli-Q water containing 0.2% (v:v) H;PO,. The linear
elution gradient was as follows: 0-8 min, 7-13% A, Curve 6; 8-9 min, 13-7% A, curve 1. This
was at a flow rate of 0.3 mL/min. The column temperature was kept at 30°C. The injection vol-
ume was 1.4 puL. The detection wavelength was 520 nm.
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Antioxidant activity

In the following antioxidant tests, samples of black mulberry extract were diluted with 38% eth-
anol, to obtain a TF concentration of 0.048 mg/mL. The concentration of V¢ (control) was
0.048 mg/mL.

Determination of reducing power. The reducing power was determined according to a
known protocol with minor modifications [17]. Different volumes (0.05, 0.1, 0.2, 0.3, 0.4 mL)
of the sample and V¢ were respectively added to a brown 10 mL volumetric flask and then
mixed with 1 mL of 10 mg/mL potassium ferricyanide and phosphate buffer (pH 6.5). The
mixture was incubated at 50°C for 20 min. After 1 mL of trichloroacetic acid (100 mg/mL) was
added, the sample and V¢ were allowed to incubate for 10 min. Then 1 mL of ferric chloride
(1 mg/mL) and 1 mL of distilled water were added and constant volume ethanol, the solution
was reacted for another 10 min. The absorbance was measured at 700 nm. The reducing power
was calculated based on the absorbance.

Determination of hydroxyl radical (OH-) scavenging activity. The OH’ scavenging
activity was determined by a method provided by Chen et al. [16]. The mixture, with 2 mL of 2
mM FeSO,4, 2 mL of 1 mM H,0, and 3 mL of 6 mM salicylic acid were added to a 10 mL cen-
trifuge tube and incubated at 37°C for 15 min. The absorbance of the mixture was measured at
510 nm. One mL of concentration gradient (9.6, 19.2, 28.8, 38.4, 48ug/mL) of the sample and
Vc were then respectively added to the mixture and incubated at 37°C for 15 min. The absor-
bance was measured again at 510 nm. For the control, the H,O, solution was replaced with dis-
tilled water. The hydroxyl radical scavenging rate was calculated as follows:

A(;H — (As — ASO)
A_

OH

Scavenging activity /% = x 100

Here, A, is the absorbance of the mixture without sample; Ag is the absorbance of the mix-
ture with sample; and Ay is the absorbance of sample without H,O,.

Determination of superoxide anion radical (O, ) scavenging activity. The O, radical
scavenging activity was determined with method reported by Roubaud ea al. with slight modifi-
cations [18]. The concentration gradient of sample and V¢ were the same above (OH- test).
The mixture, sample or Vc and 4.5 mL of 50 mM Tris-HCI buffer (pH 8.2), was added to a 10
mL centrifuge tube. The mixture was shaken and incubated at 25°C for 20 min. Preheated
(25°C) 0.3 mL of 3 mM pyrogallol solution was then added. After standing for 5 min, 0.2 mL of
10 M of HCl was added to stop the reaction. The absorbance was measured at 325 nm. As a
control, 0.3 mL of 10 mM HCI replaced the pyrogallol solution. The superoxide anion radical
scavenging rate was calculated as follows:

(A(;Z - Ao) - (As - Aso)

x 100
AE)Z - Ao

Scavenging activity/% =

Here, A, is the absorbance of the mixture without sample; A, is the absorbance of the mix-
ture without sample and pyrogallol solution; Ag is the absorbance of the mixture with sample;
and Ay is the absorbance of the sample without pyrogallol.

Determination of 1, 1-diphenyl-2-picryl hydroxyl (DPPH) radical scavenging activity.
DPPH radical scavenging activity was determined with a literature method with minor modifi-
cations [19,20]. Serial volumes of 2, 5, 10, 20, 30, 40, and 50 uL of samples and V¢ were added
into 96 well microtiter plates. Then, 20 puL of DPPH free radical agent (0.0158 g dissolved in 50
mL 95% (v:v) ethanol) and 95% (v:v) ethanol were added to a total volume of 200 L and incu-
bated at 37°C for 30 min. The absorbance was measured with a microplate reader at 540 nm.
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The DPPH radical scavenging ability was calculated as follows:

ADPPH — (As B Aso) % 100

Scavenging activity /% =
ADPPH

Here, Apppy is the absorbance of the DPPH solution with ethanol instead of sample; Ag is
the absorbance of DPPH solution with sample; and Agy is the absorbance of the sample with
95% (v:v) ethanol instead of DPPH solution.

Determination of 2, 2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical
cation antioxidant activity. The ABTS radical cation antioxidant activity was measured by a
literature method with slight modifications [21]. The 2 mM ABTS and 2.45 mM potassium
persulfate were mixed and incubated at 25°C for 4 h. The mixture was then diluted with phos-
phate buffer (0.1 M, pH 7.4) to an absorbance of 0.75 + 0.025 nm as the working ABTS" solu-
tion. Serial volumes of 2, 5, 10, 20, 30, 40, and 50 uL of samples and V¢ were then added to the
working ABTS" solution, ethanol were added to a total volume of 150 uL and incubated at
25°C for 30 min. The absorbance was measured at 750 nm. The ABTS radical cation antioxi-
dant activity was calculated as follows:

A‘A+BTS — (As — Aso) % 100

+
AABTS

Antioxidant capacity /% =

Here, A, is the absorbance of the ABTS" solution with ethanol instead of sample; A; is
the absorbance of the ABTS" solution with sample; and Ay is the absorbance of the sample in
phosphate buffer instead of ABTS" solution.

Evaluation of anti-inflammatory activity of black mulberry fruits

Xylene-induced ear edema in mice. The xylene-induced ear edema mouse model was
conducted according to literature with minor modifications [22]. KM male mice were divided
into six groups. Control: normal saline (20 mL/kg); Asp: aspirin (75 mg/20 mL/kg); Dex:
dexamethasone (3 mg/20 mL/kg); TF-50 (50 mg/20 mL/kg); TF-100 (100 mg/20 mL/kg); and
TF-200 (200 mg/20 mL/kg). The mice were maintained on adaptive feeding for 5 days prior to
gavage. The vehicle and drugs were administered by gavage to the corresponding groups of
mice once per day for 7 days. One hour after the last dose, the ventral and dorsal sides of the
right ears were topically treated with 200 pL of xylene. One hour after xylene treatment, the
mice were sacrificed and 6 mm punches were made in both ears. Each ear disc was weighed.
The edema rate of the mice was calculated as follows: Edema rate (%) = [(1- Wa/ Wb)] x 100,
where Wb is the weight before xylene application and Wa is the weight after xylene
application.

Carrageenan-induced paw edema in mice. Carrageenan-induced paw edema in mice was
conducted according to the literature with minor modifications [11]. The grouping and gavage
of mice was conducted using the same methods mentioned above (xylene-induced ear edema
test). One hour after the last administration of drugs, the right paws of mice were topically
injected subcutaneous by 10 L of carrageenan. Four hours after carrageenan treatment, paw
edema and the contralateral paw were measured with a Vernier caliper. The edema rate of
mice was calculated as follows: Edema rate (%) = [(1- Hr / H1)] x 100, where Hl is the height of
left paw and Hr is the height of right paw.

Evaluation of antinociceptive activity of black mulberry fruits

Formalin-induced pain-like behavior in mice was performed according to the literature
[11,23]. The grouping and gavage of mice were conducted using the same methods mentioned
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in xylene-induced ear edema test. Ten microliters of 2.5% (v:v) formalin solution were injected
subcutaneous into the left hind paw (n = 10 mice). After formalin injection, the treated mice
were placed in separate boxes, and pain-like behaviors (licking, biting and flinching) were
recorded in an initial phase (neurogenic phase, 0-5 min) and a secondary phase (inflammatory
phase, 15-30 min).

Immunological procedures

Blood collection. KM male mice were divided into six groups. Control: normal saline (20
mL/kg); Model: normal saline (20 mL/kg, injury group); Asp: aspirin (75 mg/20 mL/kg); Dex:
dexamethasone (3 mg/20 mL/kg); TF-50 (50 mg/20 mL/kg); and TF-100 (100 mg/20 mL/kg).
The mice were maintained on adaptive feeding for 5 days prior to gavage. Similar methods
were used to administer vehicle and drugs. One hour after the last dose, the ventral and dorsal
sides of the right ears in all groups except control group were topically treated by 200 uL of
xylene as well as an intraperitoneal injection (i.p.) of 0.2 mL of 0.6% (v/v) acetic acid. Three
hours later, blood was collected retroorbitally using serum separator tubes. Blood samples were
clotted overnight at 4°C and then centrifuged for 15 min at 1,000 g to collect the serum. The
serum was immediately assayed or stored at -40°C.

Cytokines and nitrite assays. The IL-1B, TNF-o, [FN-y and NO serum measurement
were performed with a two-site, sandwich enzyme-linked immunosorbent assay (ELISA)
according to manufacturer’s instructions (CUSABIO, Wuhan, China). Cell culture nitrite was
measured with a nitric oxide assay kit from Nanjing Jiancheng Bioengineering Institute (Nan-
jing, China).

Cell culture, NO and cytotoxicity assay

The RAW 264.7 primary mouse macrophage cell line was purchased from Procell (Wuhan,
China). The cells were cultured in DMEM with 10% (v:v) FBS and 1% (v:v) penicillin-strepto-
mycin and incubated in a humidified atmosphere with 5% (v:v) CO, at 37°C. NO and cytotox-
icity were determined by the Griess method and MTT method according to manufacturer’s
instructions, respectively.

Statistical analyses

All data were expressed as the mean + standard deviation (SD) and analyzed with SPSS statisti-
cal software (SPSS Inc., Chicago, IL, USA). A one-way ANOVA with Duncan’s test was used
for inter-group comparison. The level of significance was set at p < 0.05 and p < 0.01.

Results
Determinations of TF, rutin and anthocyanins

We measured the TF, rutin, and anthocyanin in the black mulberry fruits (Table 1). The TF
was 20.9 mg/g. This was calculated as rutin equivalents and measured at 510 nm. Rutin was
quantified using UPLC-TUV at 358 nm, C3G and C3R anthocyanin at 520 nm—mean level
were 0.45 mg/g, 8.29 mg/g, and 2.89 mg/g, respectively. This result indicated that anthocyanins
were the main ingredients of TF. We noted good linearity in the calibration curves of the 3
monomeric flavonoids (R* > 0.9999). As shown in Fig la and 1b, our UPLC method
completely resolved C3G and C3R with an effective separation of R = 3.657.
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Table 1. Total flavonoids, anthocyanins and rutin content in the fruits of Morus nigra L. (n = 3).

Flavonoids

Total flavonoids

Rutin
Cyanidin-3-O-glucoside
Cyanidin-3-O-rutinoside

2 RT, Retention time.

RT? (min) Regression equation® R? Content (mg/g)°
y = 10.635x + 0.0014 0.9995 20.8703 + 0.9091¢

6.979 y = (6.065x + 2.3621)*1 0® 0.9999 0.4538 + 0.0002°

4.408 y = (12.499x + 1.2386)*103 0.9999 8.2941 + 0.0014°

5.345 y = (8.765x + 1.5500)*10° 0.9999 2.8896 + 0.0009°

by, Peak area; x, Concentration injected (ug/mL).
¢ mg/g, weight in the dry powder of Morus nigra L.
9 The content calculated as rutin equivalents and measured by spectrophotometer.

¢ The content measured by UPLC-TUV.

doi:10.1371/journal.pone.0153080.t001

Antioxidant activities

We performed several in vitro antioxidant assays to measure the reducing power and radical
(OH’, O, , DPPH and ABTS) scavenging activities. This confirmed the antioxidant activity of
TF. Versus vitamin C (Vc) (Fig 2a), TF had better reducing power with a dose-dependent pat-
tern. The radical scavenging activities of OH (Fig 2b) and ABTS (Fig 2e) of TF were also com-
parably higher than that of Vc. The ABTS scavenging activity was very strong in both. At only
20 pL of TF, the scavenging rate for ABTS was 97.8%. The radical scavenging activities of TF
and Vc were also measured across a range of O, (Fig 2c) and DPPH (Fig 2d) concentrations,
V¢ was a better scavenger than TF.

a 028 ——— Standards
Sample
021
=]
2014
Rutir
0.07
0.00 — — —
0.0 1.5 3.0 45 6.0 75 9.0 105 120 135 min
b C3G Standards
0. 032 Sample
0.024 .
C 31{[
20.016 \
0.008
0.000
0.0 11 22 33 44 55 6.6 77 88 99 min

Fig 1. Chromatograms of rutin (A) and anthocyanins (B) of TF by UPLC-TUV. Rutin and anthocyanins
were separated on the same Acquity UPLC BEH C18 column (2.1x100 mm, 1.7 ym, Waters, Milford, MA).
Rutin separation used MeOH and 0.1% H3PQO, as the mobile phase at 0.21 mL/min with detection at 358 nm.
Anthocyanins separation used ACN and 0.2% H3PO, as the mobile phase at 0.3 mL/min and detection at
520 nm. Rutin: quercetin-3-O-rutinlside; C3G: cyanidin-3-O-glucoside; C3R: cyanidin-3-O-rutinoside; and TF:
total flavonoids.

doi:10.1371/journal.pone.0153080.g001
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Fig 2. Antioxidant activities of TF. Data were mean + SD (n = 3). We measured reducing power (a), OH- radical scavenging activity (b), O, radical
scavenging activity (c), DPPH radical scavenging activity (d), and ABTS radical scavenging activity (e).

doi:10.1371/journal.pone.0153080.g002

Anti-inflammatory and antinociceptive activities of TF

The xylene-induced ear edema and the carrageenan-induced paw edema were chosen to evalu-
ate the anti-inflammatory activity of TF. Ear edema in the control group was 88.9% (Fig 3a),
but was significantly reduced to 65.2% by Dex relative to control. As an analgesic drug, Asp
(94.3%, p < 0.05) resulted in a higher degree of ear edema on the contrary. TF-200 could signif-
icantly inhibit ear edema rate (60.1%, p < 0.05) and had a concentration-dependent relation-
ship with TF (50, 100, and 200 mg/20 mL/kg; i.g.). Fig 3b showed paw edema data. The Asp
and Dex had a slight reduction in the mice paw edema relative to the control group—12.7%
versus 11.8% and 10.8%, respectively. The TF-100 (9.5%, p < 0.01) and TF-200 (8.6%,

p < 0.01) could significantly reduce carrageenan-induced paw edema and had a dose-response
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Fig 3. Anti-inflammatory and antinociceptive activities of TF. Groups of KM male mice were pre-treated p.o. with normal saline (control 20 mL/kg), aspirin
(Asp 75 mg/20 mL/kg), dexamethasone (Dex 3 mg/20 mL/kg) and total flavonoids (TF) extracts (TF-50: 50 mg/20 mL/kg; TF-100: 100 mg/20 mL/kg; and TF-
200: 200 mg/20 mL/kg). One hour after the last drug dose, each group of mice were treated with xylene (a), carrageenan (b) and formalin (c). The licking time
was recorded for the first five minutes and minute 15-30 after formalin was injected into the paw. The total time added these two phases. The data were
shown as the mean + SD (n = 10). *p < 0.05 and **p < 0.01 significantly different from the control group.

doi:10.1371/journal.pone.0153080.9003

relationship with TF concentration (50, 100, and 200 mg/20 mL/kg; i.g.). In general, TF offered
dose-dependent inhibition of xylene-induced ear edema and carrageenan-induced paw edema.

The response pattern of the formalin test consists of an initial phase 0-5 min after adminis-
tration of formalin and a secondary phase 15-30 min after administration. We noted that TF
(200 mg/20 mL/kg) caused a significant reduction in the time to paw licking induced by forma-
lin in both phases. The total response times in the TF-treated were 45 s (first-phase, p < 0.01),
29 s (second-phase, p < 0.01), and 74 s (total time, p < 0.01)—values significantly lower than
the 80 s, 115 s, and 195 s times seen in control, respectively (Fig 3¢). Similar results were also
observed in the Dex-treated group, where the pain-response behaviors were inhibited to 47 s
(first-phase, p < 0.05) and 64 s (second-phase, p < 0.05). The Asp also inhibited the pain-
response behaviors in the secondary phase. The Asp, Dex, and TF all had antinociceptive activ-
ity in formalin test. Meanwhile, the antinociceptive effect of TF was better than those of Asp
and Dex. The effect had a dose-dependent relationship with TF (50, 100, and 200 mg/20 mL/
kg; i.g.).
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Fig 4. Effects of TF on mediator production in the blood of KM male mice. The KM male mice were pre-treated p.o. with normal saline (control 20 mL/
kg), normal saline (model 20 mL/kg), aspirin (Asp 75 mg/20 mL/kg), dexamethasone (Dex 3 mg/20 mL/kg), and total flavonoids (TF) extracts (TF-50: 50 mg/
20 mL/kg; and TF-100: 100 mg/20 mL/kg). One hour after the last drug dose, each group except the control group were treated with xylene and formalin to
induce inflammation and nociception. The control group was treated with normal saline. The data were shown as mean + SD (n = 10). *p < 0.05 and

**p < 0.01 significantly different from the model group.

doi:10.1371/journal.pone.0153080.9004

Effects of TF on mediator production in blood of KM male mice

We measured four pro-inflammatory cytokines (IL-18, TNF-o, IFN-y, and NO) to study the
anti-inflammatory and antnociceptive mechanism of TF. As shown in Fig 4a and 4d, relative to
the model group (610.6 pg/mL, 23.0 uM), the levels of IL-1B and NO were significantly inhib-
ited by Asp (294.1 pg/mL, 18.7 uM), Dex (364.6 pg/mL, 18.2 uM), TF-50 (234.4 pg/mL,

18.6 uM), and TF-100 (289.1 pg/mL, 18.8 uM). The Asp and TF treatments inhibited pro-
inflammatory cytokines TNF-o (Fig 4b) and IFN-y (Fig 4c) in serum after injury administra-
tion. The inhibition of TNF-a showed a dose-dependent relationship with TF (50 and 100 mg/
20 mL/kg; i.g.). The Dex reduced TNF-a levels, but not with statistical significance. The
increase in IFN-y (2185.2 pg/mL, p < 0.01) was significant (Fig 4b and 4c).

Effects of TF on NO and cytotoxicity in RAW 264.7 cell

As a late inflammatory marker, NO and its associated cytotoxicity were assayed in vitro. As
shown in Fig 5, LPS increased NO from 4.1 uM (control) to 14.8 uM (model) (Fig 5a). The TF
treatments inhibited the production of NO. Indeed, TF-150 and 200 both significantly reduced
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Fig 5. Effects of NO content and the cytotoxicity of TF on RAW 264.7 cells. RAW 264.7 cells were pre-treated with DMEM (control), DMEM (model), and
total flavonoids (TF) extracts (TF-50: 50 pg/mL; TF-100: 100 pg/mL; TF-150: 150 pg/mL; and TF-200: 200 pg/mL). Groups except the control group were
treated by LPS (100 ng/mL). The control group was treated with DMEM. Cell viability was expressed as a percentage where the control group was set at
100%. Data were shown as mean = SD (n = 3). *p <0.05 and **p < 0.01 significantly different from the model group.

doi:10.1371/journal.pone.0153080.9005

the levels of NO (p < 0.01). The Data in Fig 5b showed that TF has no cytotoxicity when the
concentration increased from 50 to 100 pg/mL.

Discussion

Various studies had shown that flavonoids and polyphenols were the main bioactive compo-
nents in plants and have antinociceptive and anti-inflammatory properties [12,24,25]. In the
present study, we measured TF isolated from black mulberry fruits and found that it was com-
parable to the levels measured in our previous study (22.2 mg/g) [16]. Dark fruits were rich in
TF. The amount of TF in black mulberry (276 mg QE/100 g) was higher than those in white
mulberry (29 mg QE/100 g) and red mulberry (219 mg QE/100 g) [5]. The TF levels were also
high even compared with other species, such as Cornus officinalis and Hippophae rhamnoides
[26]. Previous studies of flavonoids had emphasized their functions in anti-cancer and protec-
tion of liver and lung [27-29]. The flavonoid-rich black mulberry fruits can be as functional
foods beneficial to human health.

Five anthocyanins including cyanidin-3-sophoroside, cyanidin-3-glucoside, cyanidin-
3-rutinoside, pelargonidin-3-glucoside, and pelargonidin-3-rutinoside (tentative) have been
previously identified in mulberry extracts with HPLC-UV [7,15]. In the present study, only
two anthocyanins were identified in the black mulberry fruits. The chromatography method
we used in this study was effective. The two anthocyanins peaks were well resolved and had a
linear relationship that was well supported by quantitative analysis. This different anthocyanins
expression were expected because the type and content of the anthocyanins in the fruit were
constantly changing during maturation [30,31]. Thus, it is reasonable that the black mulberry
fruits contain only two anthocyanins when ripe.

Ascorbic acid (vitamin C; V¢) is a water-soluble vitamin with a five-membered ring polyol.
Each hydroxyl can accept a reactive oxygen species. This gives V¢ its antioxidant and anti-
inflammatory activity [32,33]. We thus compared the antioxidant activities of TF and Vc in
vitro. TF had more reducing power and scavenging power for OH™ and ABTS than V¢, which
suggesting that TF has good antioxidant activity and can have potential effects on human
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health. V¢ had stronger scavenging power for O, and DPPH than those of TF. As a water-sol-
uble vitamin, Vc may have strong affinity for radicals.

We used xylene to induce inflammation. It is known to cause local increases in capillary per-
meability, inflammatory cell infiltration, and ear acute exudative inflammatory edema. Acute
inflammation induced by xylene is thus frequently used to validate the anti-inflammatory
effects of drug in mice, this model is thus quite sensitive to steroidal and non-steroidal anti-
inflammatory drugs [22,34]. Carrageenan is a polysaccharide that can cause inflammation,
hyperalgesia, and edema in the first phase (0-4 h) of the rising edema and the second phase
(4-24 h) in which edema decrease. It has been widely used in animal models to assess anti-
edematous activity [11,35]. We found that TF inhibited the first phase. This inhibition was
stronger than pear extract [34]. The mechanism may be due to the inhibition of serotonin, bra-
dykinin, and histamine levels [11,36]. Aspirin causes gastrointestinal bleeding and angioedema
[37,38], explains in part that the ear edema in aspirin group was bigger than that in control
group (Fig 3a). In the formalin test, the response pattern contains two distinct phases. The first
phase is caused by direct activation of nociceptors, and the second phase is inflammatory
phase release of histamine, serotonin, prostaglandins, and bradykinin [23]. The central and
peripheral activities of nociception are clarified by the formalin test [11]. In this study, TF
caused a significant reduction in the time to paw licking that was induced by formalin in the
two phases. This suggests that TF may reduce the inflammatory pain both centrally and
peripherally.

The mechanism of anti-inflammatory and antinociceptive effects are related to many pro-
cesses including the arachidonic acid metabolic pathway as well as the cytokine, NO, mitogen-
activated protein kinase, and nuclear factor kB pathways [9]. The cytokines (IL-1p, IL-6, TNF-
o, NO etc.) regulate multiple signaling pathways [39,40]. TF inhibited all four pro-inflamma-
tory cytokines as well as NO in the RAW 264.7 cell line. Another study showed that a plant fla-
vone could also inhibit the production of cyclooxygenase-2 [41]. Therefore, we deduced that
TF was a multi-target-directed drug with anti-inflammatory and antinociceptive effects.

We demonstrated that the black mulberry fruits contain rich flavonoids and two kinds of
anthocyanins (C3G and C3R). TF may be a multi-target-directed drug with anti-inflammatory
and antinociceptive effects. These effects might correlate to its inhibitory activities of pro-
inflammatory cytokines. TF is non-cytotoxic at relevant concentrations. These findings suggest
that the black mulberry fruits are a valuable source of flavonoids and a natural antioxidant
with no toxic side effects. Thus, the fruits are an alternative treatment for inflammatory and
nociceptive diseases.

Author Contributions

Conceived and designed the experiments: HC NH. Performed the experiments: HC JP DL WY
YS. Analyzed the data: HC GY NH. Contributed reagents/materials/analysis tools: HC NH.
Wrote the paper: HC ZX NH.

References

1. HeN,ZhangC, Qi X, Zhao S, Tao Y, Yang G, et al. (2013) Draft genome sequence of the mulberry tree
Morus notabilis. Nat Commun 4: 2445. doi: 10.1038/ncomms3445 PMID: 24048436

2. deQueiroz GT, Santos TR, Macedo R, Peters VM, Leite MN, de Cassia da Silveira e Sa R, et al. (2012)
Efficacy of Morus nigra L. on reproduction in female Wistar rats. Food Chem Toxicol 50: 816-822. doi:
10.1016/j.fct.2011.12.014 PMID: 22198063

3. Ercisli S, Orhan E (2008) Some physico-chemical characteristics of black mulberry (Morus nigra L.)
genotypes from Northeast Anatolia region of Turkey. Scientia Horticulturae 116: 41—46.

4. Jiang, Nie WJ (2015) Chemical properties in fruits of mulberry species from the Xinjiang province of
China. Food Chem 174: 460—466. doi: 10.1016/j.foodchem.2014.11.083 PMID: 25529706

PLOS ONE | DOI:10.1371/journal.pone.0153080 April 5, 2016 12/14


http://dx.doi.org/10.1038/ncomms3445
http://www.ncbi.nlm.nih.gov/pubmed/24048436
http://dx.doi.org/10.1016/j.fct.2011.12.014
http://www.ncbi.nlm.nih.gov/pubmed/22198063
http://dx.doi.org/10.1016/j.foodchem.2014.11.083
http://www.ncbi.nlm.nih.gov/pubmed/25529706

@’PLOS ‘ ONE

Anti-Inflammatory and Antinociception of Mulberry Fruits

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

Ercisli S, Orhan E (2007) Chemical composition of white (Morus alba), red (Morus rubra) and black
(Morus nigra) mulberry fruits. Food Chem 103: 1380-1384.

Gundogdu M, Muradoglu F, Sensoy RIG, Yilmaz H (2011) Determination of fruit chemical properties of
Morus nigra L., Morus alba L. and Morus rubra L. by HPLC. Scientia Horticulturae 132: 37-41.

Ozgen M, Serce S, Kaya C (2009) Phytochemical and antioxidant properties of anthocyanin-rich Morus
nigra and Morus rubra fruits. Scientia Horticulturae 119: 275-279.

Sanchez-Salcedo EM, Mena P, Garcia-Viguera C, Martinez JJ, Hernandez F (2015) Phytochemical
evaluation of white (Morus alba L.) and black (Morus nigra L.) mulberry fruits, a starting point for the
assessment of their beneficial properties. J Funct Foods 12: 399-408.

Yoon JH, Baek SJ (2005) Molecular targets of dietary polyphenols with anti-inflammatory properties.
Yonsei Med J 46: 585-596. PMID: 16259055

Sagnia B, Fedeli D, Casetti R, Montesano C, Falcioni G (2014) Antioxidant and anti-Inflammatory activi-
ties of extracts from Cassia alata, Eleusine indica, Eremomastax speciosa, Carica papaya and Polyscias
fulva medicinal plants collected in Cameroon. Plos One 9: e103999. doi: 10.1371/journal.pone.
0103999 PMID: 25090613

Alvarez Perez Gil AL, Barbosa Navarro L, Patipo Vera M, Petricevich VL (2012) Anti-inflammatory and
antinociceptive activities of the ethanolic extract of Bougainvillea xbuttiana. J Ethnopharmacol 144:
712-719. doi: 10.1016/j.jep.2012.10.018 PMID: 23104071

Wang Y, Chen P, Tang C, Wang Y, Li Y, Zhang H, (2014) Antinociceptive and anti-inflammatory activi-
ties of extract and two isolated flavonoids of Carthamus tinctorius L. J Ethnopharmacol 151: 944-950.
doi: 10.1016/j.jep.2013.12.003 PMID: 24333963

Roth SH (2012) Coming to terms with nonsteroidal anti-inflammatory drug gastropathy. Drugs 72:
873-879. doi: 10.2165/11633740-000000000-00000 PMID: 22564130

Ma YP (2002) Efficacy of the fruits of black mulberry (Morus nigra L.) for pharyngitis. Xinjiang J Tradit
Chin Med 20: 83-84.

Wang ZJ, Xiao GS, Liu XM, Tang CM, Luo GQ, Wu FQ, et al. (2009) Anti-inflammatory activity of antho-
cyanins from mulberry on adjuvant-injuced arthritis. Chin J Public Health: 181-183.

Chen H, Pu JS, Xiang ZH, He NJ (2014) Extraction and antioxidant activity of total flavonoids from
black mulberry fruit. Food Sci 35: 7-12.

Oyaizu M (1986) Studies on products of browning reaction: antioxidative activities of products of brow-
ning reaction prepared from glucosamine. J Jpn Soc Nutr Food Sci 44: 307-315.

Roubaud V, Sankarapandi S, Kuppusamy P, Tordo P, Zweier JL (1997) Quantitative measurement of
superoxide generation using the spin trap 5-(diethoxyphosphoryl)-5-methyl- 1-pyrroline-N-oxide. Anal
Biochem 247:404-411. PMID: 9177705

Gulcin | (2010) Antioxidant properties of resveratrol: A structure-activity insight. Innov Food Sci &
Emerg 11:210-218.

Wang YC, Wu C, Chen H, Zheng Y, Xu L, Huang XZ (2011) Antioxidant activities of resveratrol, oxyres-
veratrol, esveratrol, mulberroside A from Cortex mori. Food Sci 32: 135-138.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C (1999) Antioxidant activity apply-
ing an improved ABTS radical cation decolorization assay. Free Radic Biol Med 26: 1231-1237. PMID:
10381194

Man SL, Wang J, Gao WY, Guo SB, Li YY, Zhang LM (2013) Chemical analysis and anti-inflammatory
comparison of the cell culture of Glycyrrhiza with its field cultivated variety. Food Chem 136: 513-517.
doi: 10.1016/j.foodchem.2012.08.010 PMID: 23122091

Hunskaar S, Hole K (1987) The formalin test in mice: dissociation between inflammatory and non-
inflammatory pain. Pain 30: 103—-114. PMID: 3614974

Yamanishi R, Yoshigai E, Okuyama T, Mori M, Murase H, Machida T, et al. (2014) The anti-inflamma-
tory effects of flavanol-rich lychee fruit extract in rat hepatocytes. Plos One 9: €93818. doi: 10.1371/
journal.pone.0093818 PMID: 24705335

Fazio A, Plastina P, Meijerink J, Witkamp RF, Gabriele B (2013) Comparative analyses of seeds of wild
fruits of Rubus and Sambucus species from Southern Italy: Fatty acid composition of the oil, total phe-
nolic content, antioxidant and anti-inflammatory properties of the methanolic extracts. Food Chem 140:
817-824. doi: 10.1016/j.foodchem.2012.11.010 PMID: 23692771

Chen JM, Li LJ, Ma Q (2009) Determination of total flavonoids of mulberry juice, cornus officinalis juice
and sea backthersse juice. China Brewing: 153—155.

Santos BL, Oliveira MN, Coelho PC, Pitanga BP, da Silva AB, Adelita T, et al. (2015) Flavonoids sup-
press human glioblastoma cell growth by inhibiting cell metabolism, migration, and by regulating

PLOS ONE | DOI:10.1371/journal.pone.0153080 April 5, 2016 13/14


http://www.ncbi.nlm.nih.gov/pubmed/16259055
http://dx.doi.org/10.1371/journal.pone.0103999
http://dx.doi.org/10.1371/journal.pone.0103999
http://www.ncbi.nlm.nih.gov/pubmed/25090613
http://dx.doi.org/10.1016/j.jep.2012.10.018
http://www.ncbi.nlm.nih.gov/pubmed/23104071
http://dx.doi.org/10.1016/j.jep.2013.12.003
http://www.ncbi.nlm.nih.gov/pubmed/24333963
http://dx.doi.org/10.2165/11633740-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22564130
http://www.ncbi.nlm.nih.gov/pubmed/9177705
http://www.ncbi.nlm.nih.gov/pubmed/10381194
http://dx.doi.org/10.1016/j.foodchem.2012.08.010
http://www.ncbi.nlm.nih.gov/pubmed/23122091
http://www.ncbi.nlm.nih.gov/pubmed/3614974
http://dx.doi.org/10.1371/journal.pone.0093818
http://dx.doi.org/10.1371/journal.pone.0093818
http://www.ncbi.nlm.nih.gov/pubmed/24705335
http://dx.doi.org/10.1016/j.foodchem.2012.11.010
http://www.ncbi.nlm.nih.gov/pubmed/23692771

@’PLOS ‘ ONE

Anti-Inflammatory and Antinociception of Mulberry Fruits

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

extracellular matrix proteins and metalloproteinases expression. Chem Biol Interact 242: 123-138. doi:
10.1016/j.cbi.2015.07.014 PMID: 26408079

Zhao P, Qi C, Wang G, Dai X, Hou X (2015) Enrichment and purification of total flavonoids from Cortex
Juglandis Mandshuricae extracts and their suppressive effect on carbon tetrachloride-induced hepatic
injury in Mice. J Chromatogr B 1007: 8—-17.

Morales-Cano D, Menendez C, Moreno E, Moral-Sanz J, Barreira B, Galindo P, et al. (2014) The flavo-
noid quercetin reverses pulmonary hypertension in rats. Plos One 9: e.114492.

Fernandezlopez JA, Hidalgo V, Almela L, Roca JML (1992) Quantitative changes in anthocyanin pig-
ments of Vitis vinifera cv Monastrell during maturation. J Sci of Food Agr 58: 153—155.

Xiao GS, Wang ZJ, Tang CM, Liu XM, Luo GQ, Wu FQ (2011) Dynamic variation of major pigmentary
substances in mulberry fruit during maturation. Sci Sericulture: 600—605.

Janisch KM, Milde J, Schempp H, Elstner EF (2005) Vitamin C, vitamin E and flavonoids. Dev Ophthal-
mol 38: 59-69. PMID: 15604617

Riccioni G, D'Orazio N (2005) The role of selenium, zinc and antioxidant vitamin supplementation in the
treatment of bronchial asthma: adjuvant therapy or not? Expert Opin Inv Drug 14: 1145-1155.

Li X, Wang TT, Zhou B, Gao WY, Cao JG, Huang LQ (2014) Chemical composition and antioxidant and
anti-inflammatory potential of peels and flesh from 10 different pear varieties (Pyrus spp.). Food Chem
152: 531-538. doi: 10.1016/j.foodchem.2013.12.010 PMID: 24444971

Fletcher D, Kayser V, Guilbaud G (1996) Influence of timing of administration on the analgesic effect of
bupivacaine infiltration in carrageenin-injected rats. Anesthesiology 84: 1129-1137. PMID: 8624007

Di Rosa M, Willoughby DA (1971) Screens for anti-inflammatory drugs. J Pharm Pharmacol 23:297—
298. PMID: 4102520

Valkhoff VE, Sturkenboom MC, Kuipers EJ (2012) Risk factors for gastrointestinal bleeding associated
with low-dose aspirin. Best Pract Res Clin Gastroenterol 26: 125—140. doi: 10.1016/j.bpg.2012.01.011
PMID: 22542151

Kowalski ML, Woessner K, Sanak M (2015) Approaches to the diagnosis and management of patients
with a history of nonsteroidal anti-inflammatory drug-related urticaria and angioedema. J Allergy Clin
Immunol 136: 245-251. doi: 10.1016/j.jaci.2015.06.021 PMID: 26254051

Chou TC, Chang LP, Li CY, Wong CS, Yang SP (2003) The antiinflammatory and analgesic effects of
baicalin in carrageenan-evoked thermal hyperalgesia. Anesth Analg 97: 1724—-1729. PMID: 14633550

Lee SO, Jeong YJ, Yu MH, Lee JW, Hwangbo MH, Kim CH, et al. (2006) Wogonin suppresses TNF-a-
induced MMP-9 expression by blocking the NF-kB activation via MAPK signaling pathways in human
aortic smooth muscle cells. Biochem Biophys Res Commun 351: 118-125. PMID: 17052690

Chi YS, Lim H, Park H, Kim HP (2003) Effects of wogonin, a plant flavone from Scutellaria radix, on skin
inflammation: in vivo regulation of inflammation-associated gene expression. Biochem Pharmacol 66:
1271-1278. PMID: 14505806

PLOS ONE | DOI:10.1371/journal.pone.0153080 April 5, 2016 14/14


http://dx.doi.org/10.1016/j.cbi.2015.07.014
http://www.ncbi.nlm.nih.gov/pubmed/26408079
http://www.ncbi.nlm.nih.gov/pubmed/15604617
http://dx.doi.org/10.1016/j.foodchem.2013.12.010
http://www.ncbi.nlm.nih.gov/pubmed/24444971
http://www.ncbi.nlm.nih.gov/pubmed/8624007
http://www.ncbi.nlm.nih.gov/pubmed/4102520
http://dx.doi.org/10.1016/j.bpg.2012.01.011
http://www.ncbi.nlm.nih.gov/pubmed/22542151
http://dx.doi.org/10.1016/j.jaci.2015.06.021
http://www.ncbi.nlm.nih.gov/pubmed/26254051
http://www.ncbi.nlm.nih.gov/pubmed/14633550
http://www.ncbi.nlm.nih.gov/pubmed/17052690
http://www.ncbi.nlm.nih.gov/pubmed/14505806

